SUMMARY: Ortho-and paramyxoviruses were isolated at high frequencies from cloacal and tracheal samples of 334 domestic and 161 migrating ducks in Miyagi and Akita Prefectures, Japan, in the winter of 1976-77. Forty-four hemagglutinating agents were isolated from these ducks. The frequency of virus isolation was much higher from the cloacal samples (6.3%) than the tracheal samples (2.6%). However, no significant difference was found in the isolation ratio between the domestic (7.8%) and migrating (6.8%) ducks. Nine strains of the hemagglutinating agents were identified as influenza A viruses and confirmed to be in pure form by complementfixation (CF) tests and from their polypeptide profiles. The antigenic characterization of the influenza A viruses revealed the presence of several subtypes; Hav5Nav-2-3, Hav6Neg2, Hav6N2, Hav7Neg2 and Hav7N2.
INTRODUCTION
With the suggestion that avian influenza viruses might play a role in the evolution of new pandemic strains among human beings Webster, 1972, 1977; Webster et al., 1975) , studies of influenza viruses in birds and the relationship to human influenza viruses have been conducted in various countries. A number of orthomyxoviruses have been isolated from many species of birds throughout the world (Alexander et al., 1977; Downie and Layer, 1973; Shortridge et al., 1977; Webster et al., 1976) . Most earlier investigations of avian influenza viruses were focused upon domestic birds, including chickens, ducks and turkeys. Recently, however, it is becoming apparent that wild bird population is the most abundant source or pool of influenza A viruses.
In Japan, Nishikawa and his coworkers (1977) succeeded in isolation of some influenza A viruses from pet birds imported from Southeast Asia. We also 407 YAMANE et al. Vol. 31 isolated ortho-and paramyxoviruses from domestic and migrating ducks in northern Japan in the expanded WHO program. We will describe the results of the tests conducted by us during the winter of 1976-77. This is the first report showing that wild ducks in Japan also carry by nature various subtypes of influenza A viruses.
MATERIALS AND METHODS
Collection o f tracheal and cloacal swabs: Tracheal and cloacal swabs were collected from migrating ducks [Anas . platyrhynchos platyrhynchos Linnaeus, mallard; Anas crecca crecca Linnaeus, teal; Anas falcata Georgi, falcated teal; Anas acuta acuta Linnaeus, pintail] and domestic ducks [Anas poecilorhyncha zonorhyncha Swinhoe, spot-bill duck] shot by hunters in Miyagi (Pacific coast) and Akita (Japan Sea coast) Prefectures, Japan, during the hunting season from November, 1976 , to February, 1977 . Samples were collected with cotton-wool swabs on wooden sticks and placed in 199 buffer solution, pH 7.2, containing 1 % bovine albumin, 2,000 units of penicillin G, 2.5 mg of streptomycin, 6 pg of gentamicin and 25 pg of fungizone per ml and stored at -80 C until assayed.
Virus isolation and preparation:
The samples were thawed. After lowspeed centrifugation, 0.2 ml aliquots of supernatants were inoculated into the amniotic cavities of 10-day-old chick embryos. The eggs were incubated at 35 C for 72 hr and then tested for their hemagglutinating activities with chick red blood cells (RBC). After one additional amniotic and two allantoic passages, the infected chorioallantoic fluid was used as HAT and NAT antigens and the infected chorioallantoic membrane was used as CF antigen. For peptide analysis, the viruses were grown in the allantoic cavities of 11-day-old chick embryos and purified by ultra-centrifugation on sucrose gradient. SDS-polyacrylamide gel electrophoresis (SDS-PAGE): The procedure employed here essentially followed the method of Maizel (1966) . The purified virions were dissolved in 0.1 ml of a solution containing 1 % sodium dodecyl sulfate (SDS) and 1 % 2-mercaptoethanol. It was heated at 100 C for 2 min and applied to 7.5% polyacrylamide gel containing 0.1% SDS. After electrophoresis, the gel was fixed in 20% sulfosalicylate and stained with Coomassie brilliant blue. Antisera: Specific antisera, prepared in goats, to the isolated hemagglutinin and neuraminidase subunits of the reference strains of influenza A viruses (WHO report, 1971) were kindly donated by Dr. R. G. Webster, St. Jude Children's Research Hospital, Memphis, TN, U.S.A. (see Table I ). These sera were subjected to receptor-destroying-enzyme (RDE) treatment to remove non-specific inhibitors for the HAT tests (Robinson and Wowdle, 1969) .
Serological tests: The CF test was done in plastic trays, as described by Pereira et al. (1964) . Hemagglutination and hemagglutination-inhibition (HAT) tests were performed in microplastic trays as described by Robinson and Dowdle (1969) in WHO report (1973) . Assay for hemolytic activity: Two-tenth milliliters of each infected chorioallantoic fluid was mixed with 2 ml of 2% guinea pig RBC. Then the mixtures were incubated at 37 C for an hour. After low-speed centrifugation, optical densities of the supernatants were measured at a wave length of 575 nm. number, while in Akita Prefecture most swabs were taken from domestic ducks, spot-bill duck (Table II) . From these swabs, 44 hemagglutinating agents were isolated. Thirty-one agents were isolated from the cloacal swabs (isolation ratio was 6.3%) and the other 13 agents were from the tracheal swabs (isolation ratio was 2.60). Indeed, as previously reported by Webster et al. (1976) , the isolation ratio was much higher from cloacal swabs than from tracheal swabs. However, no significant difference was found in the isolation ratio between the domestic (7.8%) and migrating (6.8%) ducks, as shown in Table III .
RESULTS

Isolation of Hemagglutinating Agents
Characterization of Hmmagglutinating Agents
Each hemagglutinating agent was identified as either ortho-or paramyxovirus by its hemolytic activity, CF tests against antisera to influenza A virus ribonucleoprotein (RNP) and from the polypeptide profile on polyacrylamide gel. Nine strains of hemagglutinating agents were identified as influenza A viruses and confirmed to be in pure form, as shown in Table IV . These influenza A viruses showed no hemolytic activity but positive CF tests. On SDS-PAGE, they revealed the typical polypeptide profiles of influenza A virus presented by Kilbourne et al. (1972) . No other contaminating polypeptide bands were visible . Of these nine strains, six were isolated from domestic ducks, spot-bill duck and the remaining three from migrating ducks, mallard and pintail. In addition, all the isolates were recovered from cloacas. Thirty agents, which were identified as paramyxovirus, showed negative CF tests and significant hemolytic activities. The polypeptide profiles of these strains markedly differed from those of influenza A viruses, particularly in the molecular weight of the membrane protein (M). The other five strains possessed significant hemolytic activities and the results of CF tests were either convincingly positive or negative (see Table IV ) to influenza A virus. The profiles of SDS-PAGE showed that the dominant polypeptide bands might be identified as those of paramyxovirus, and in addition, we could identify a faint band as the M protein of influenza A virus by its molecular weight (Fig. 1) . From these results, we identified these strains as being mixtures of ortho-and paramyxoviruses (see Table IV ).
Identification of the Envelope Antigens
The nine strains identified as influenza A virus were also subjected to HAT and NAT tests against antisera of all the known reference strains of influenza A viruses. The results revealed the following antigenic configuration; three Hav6N2, one Hav6Neg2, two Hav7N2 and two Hav7Neg2 as shown in Tables V  and VI . However, one strain, A/mallard/Miyagi/53/76, which was identified as Hav5 by the HAT test, showed almost equal NAT titers against antisera of Nav2 and Nav3. Therefore, we could not precisely identify the neuraminidase antigen of this strain as being Nav2 or Nav3. But recently, from the results of immunodouble diffusion and NAI tests, the neuraminidase antigens of Nav2 and Nav3 were placed in the same category as Nav2 
DISCUSSION
In this report, we have described the isolation and antigenic classification of nine influenza A viruses from cloacal specimens taken from domestic and migrating ducks in northern Japan. The study is still continuing, but at this time, our results suggest that a few different influenza A virus strains exist at the same time and at the same place among domestic and migrating ducks in Japan as in other countries.
Hemagglutinating agents were isolated from tracheal or cloacal swabs or both of 44 of 495 ducks, but only nine of the 44 agents were isolated in pure form being identified as influenza A virus. Other five strains were thought to be mixtures of ortho-and paramyxoviruses. The ratios of ortho-and paramyxoviruses in each egg pool were sometimes different in the polypeptide profile. These findings confirm that ortho-and paramyxoviruses frequently coexist in the same duck, as pointed out by Webster et al. (1976) and so it is necessary to examine these agents in detail and to separate influenza viruses in pure form from these mixtures. The other 30 strains were thought to be paramyxoviruses. Seven of the paramyxoviruses were identified as avirulent strains of Newcastle disease virus, but the other 23 failed to react with antisera to the known paramyxoviruses (unpublished data). These unidentified agents have tentatively been called paramyxoviruses from their polypeptide profiles, and the possession of hemolytic activity, neuraminidase activity and hemagglutinating activity. Further studies are now in progress for complete characterization.
Although the relatively high frequency of virus isolation from the cloacas as compared with that from the respiratory tracts of avian species was reconfirmed in our studies, those among migrating and domestic ducks were almost equal. These findings suggest that as these ducks inhabit the same location, the mixing of ortho-and paramyxoviruses might occur among these ducks in nature by transmission along the fecal-water-oral route (Webster et al., 1978) .
We have confirmed that also in Japan wild ducks might serve as reservoirs of influenza A viruses. In the past, an antigenically similar strain to our isolate, Hav5Nav2-3, was found to have caused a fatal outbreak of influenza among colonies of seabirds, tern (Becker, 1963) and also, all the known human influenza A viruses that have been isolated since 1934 possess hemagglutinin and neuraminidase subunits that are immunologically related to influenza A viruses isolated from lower animals (WHO report, 1971) . So whether our isolates would serve directly as the source of new pandemic strains among human beings, lower mammals and birds is still to be resolved and, therefore, it has become necessary to analyze in detail their pathogenesis in different hosts. 
